Binding and conformational analysis of phosphoramidate-restriction enzyme interactions.
Phosphoramidates are modified deoxyoligonucleotides that feature nitrogen in place of the 3'-oxygen of a phosphodiester linkage. Noted for stability against nuclease activity, these linkages are of both mechanistic and therapeutic interest. While a number of studies characterizing the properties of oligonucleotides composed entirely of phosphoramidate linkages have been published, little is known about how singly substituted phosphoramidate substitutions affect the thermodynamics and structure of protein-oligonucleotide interactions. We chose to investigate these interactions with PvuII endonuclease, the DNA binding behavior of which is well-characterized. Oligonucleotide duplexes containing a phosphoramidate substitution at the scissile phosphates were resistant to cleavage by the enzyme, even after extended incubations. However, the enzyme was able to cleave the native strand in a native:phosphoramidate heteroduplex at a rate comparable to that observed with the native substrate. Ca(II)-stimulated PvuII binding for a phosphoramidate-substituted oligonucleotide is comparable to that of the native duplex (K(d) approximately 200 pM). K(d) values obtained in the presence of Mg(II) are somewhat weaker (K(d) approximately 10 nM). Under metal-free conditions, the enzyme exhibited a remarkable approximately 50-fold greater affinity for the modified oligonucleotide relative to the native substrate (5 vs 240 nM). While (31)P NMR spectra indicate increased chemical shift dispersion in the free phosphoramidate duplex, the spectrum of the enzyme-bound duplex is similar to that of the native duplex. (1)H-(15)N HSQC analysis indicates that enzyme conformations in the presence of these oligonucleotides are also comparable. The tight binding of the phosphoramidate duplex under metal-free conditions and its resistance to cleavage are attributed to local conformational adjustments propagating from the O-->N substitution.